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WHAT IS CLAIMED IS: 

1. An apparatus^ operable to facilitate add/drop 
multiplexing of optYcal signals, the apparatus 
comprising : 

an input operable to\ receive an input optical signal 
and an added optical signal, and to generate a first and 
a second copy of the inpVit signal and a first and a 



second copy of the added signal; 

a plurality of at least substantially reflective 
10 surfaces, each operable to\ receive either the first 
signal copies or the second signal copies and to reflect 
the copies for ultimate combination at an output to form 
an output signal for transmission, at least one of the at 
least substantially reflective^ surfaces comprising a 
15 moveable mirror operable to charitje its position relative 
to the input to create a phase shift between the first 
and second signal copies so that eVther the input optical 
signal or the added optical signal \is communicated as the 
output signal depending on the position of the at least 
one moveable mirror, 

2. The apparatus of Claim 1, ^herein at least one 
of the at least substantially rfeflective surfaces 
comprises a micro-electro-optic syst\em (MEMS) device 
2 5 operable to undergo a substantially pisfton-like motion to 
change its position relative to the input 
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3. The apparatus^ of Claim 2, wherein the MEMS 
device comprises: \ 

an inner conductive llayer disposed inwardly from the 
moveable mirror layer and forming a space between the 
moveable mirror layer and the inner conductive layer ; 

wherein the moveable \ mirror layer comprises an at 
least substantially conductive layer operable to move 
relative to the inner conductive layer in response to a 
voltage difference between tihe moveable mirror layer and 
the inner conductive layer. \ 

4. The apparatus of Claim 3, wherein the inner 
conductive layer comprises \ a doped semiconductor 
substrate. \ 

5. The apparatus of Claifri 3, wherein the inner 
conductive layer comprises a \ layer of at least 
substantially conductive material formed outwardly from a 
semiconductor substrate. \ 

6. The apparatus of Claim 3, Wherein the moveable 
mirror layer comprises a plurality \of adjacent mirror 
strips, at least some of the pluralitd of adjacent mirror 
strips separated by air gaps operable to relieve air 
damping when the mirror strips move relative to the inner 
conductive layer. \ 



7. The apparatus of Claim 6, wherein all of the 
moveable mirror strips move at least ^ibstant ially in 
unison in response to the voltage difference. 
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8. The apparatu^ of Claim 7, wherein either the 
inner conductive layer \or each of the moveable mirror 
strips is coupled to a around, and wherein the other is 
operable to receive a contdrol voltage signal . 



> 10 



15 



9. The apparatus on Claim 3, wherein a grazing 
angle between the moveable! mirror layer and the signal 
copy reflected by the moveable mirror layer comprises an 
angle that is less than fortyVfive degrees. 

10. The apparatus of Claim 3, further comprising a 
second MEMS device disposed betiween the first MEMS device 
and the output, the second MEMS device comprising a 
moveable mirror layer operable tr> receive a phase shifted 
signal copy from the first MEMS uevice and to change its 
position relative to the first MEMS device to introduce a 
further phase shift to the signal copy. 



Va.. 



20 



11. The apparatus of Claim 
comprises a first beam splitter ai 
comprises a second beam splitter. 



wherein the input 
wherein the output 



12. The apparatus of Claim 1, wtterein the input and 
the output comprise a single beam splitting device. 



25 



ATTORNEY ' S 
068069.0110 



T NO. 



PA* 



APPLICATION 



106 



13. The apparatus of Claim 11 , further comprising 
at least one additiorml reflective surface between the 
beam splitter and the f^Lrst MEMS device, the at least one 
additional reflective \surface operable to receive a 
signal copy from the fiifst beam splitter and to reflect 
the signal copy for u\timate reception by the first 
mirror . 
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14. An apparatus^ operable to facilitate add/drop 
multiplexing of opMcal signals, the apparatus 
comprising: \ 

a drop phase shift\ stage operable to receive an 
5 input optical signal and ftp either drop the input signal 
or to pass the optical sigmal toward an output, the drop 
phase shift stage comprising an at least substantially- 
reflective surface operable \ to change its position to 
affect whether the input signal is dropped or passed to 
10 the output; and \ 

an add phase shift stage\ operable to receive and 
communicate as an output either\ an added signal or the 
input signal passed from the droA phase shift stage, the 
add phase shift stage comprising an at least 
15 substantially reflective surface dberable to change its 
position to affect whether the addeti signal or the input 
signal is passed to the output. \ 

15. The apparatus of Claim 14, wherein at least one 
20 of the at least substantially reflective surfaces 

comprises a moveable mirror layer of \a micro-electro- 
optic system (MEMS) device operable \ to undergo a 
substantially piston-like motion to change\its position. 
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16. The apparatus of Claim 14, wherein the drop 
phase shift stage comprises: 

a beam splitter dberable to receive the input signal 
and communicate at leak two copies of the signal in at 
least two directions; ai 

a plurality of at\ least substantially reflective 
surfaces, each operable \ to receive one of the signal 
copies and to reflect the \copies for ultimate combination 
at an output to form an outbut signal; 

wherein at least one \f the at least substantially 
reflective surfaces comprises a moveable mirror layer of 
a first micro-electro-optic \ system (MEMS) device, the 
moveable mirror layer opterable to experience a 
substantially piston- like motion to change its position 
relative to the beam splitterV the change in position 
causing a phase shift between \t he signal copies and a 
corresponding interference betweten the signal copies at 
the output, the input signal beihg either passed to the 
add phase shift stage or dropAed, depending on the 
position of the moveable mirror. 
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17. The apparatus of Claim 14, wherein the add 
phase shift stage combrises: 

a beam splitter operable to receive either the added 
input signal or the iViput signal passed from the drop 
phase shift stage, the beam splitter further operable to 
communicate at least two\copies of the received signal in 
at least two directions; and 

a plurality of at ueast substantially reflective 
surfaces, each operable no receive one of the signal 
copies and to reflect the copies for ultimate combination 
at an output to form an output signal; 

wherein at least one oft the at least substantially 
reflective surfaces comprises\ a moveable mirror layer of 
a first micro-electro-optic Wstem (MEMS) device, the 
moveable mirror layer operable to experience a 
substantially piston-like moticin to change its position 
relative to the beam splitterA the change in position 
causing a phase shift between thA signal copies to result 
in the received signal being communicated through the 
output of the add phase shift stagfe. 

18. The apparatus of Claim 14 \ wherein the at least 
substantially reflective surfaces ofl the add phase shift 
stage and the drop phase shift stages each comprise a 
first MEMS -based device having a moveable mirror layer 
operable to experience a substantially \piston-like motion 
in response to a control signal. \ 
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19. The apparatus^ of Claim 18, wherein the first 
MEMS device comprises: 

an inner conduct ive\layer disposed inwardly from the 
moveable mirror layer arid forming a space between the 
moveable mirror layer and \he inner conductive layer; 

wherein the moveable Vnirror layer comprises an at 
least substantially conductive layer operable to move 
relative to the inner conductive layer in response to a 
voltage difference between ttte moveable mirror layer and 
the inner conductive layer 

20. The apparatus of ClaiA 19, wherein the moveable 
mirror layer comprises a plureJO-ity of adjacent mirror 
strips, at least some of the plurality of adjacent mirror 
strips separated by air gaps o&erable to relieve air 
damping when the mirror strips mov^ relative to the inner 
conductive layer. 



21. The apparatus of Claim 20,\ wherein all of the 
moveable mirror strips move at leas.t substantially in 
unison in response to the voltage difference. 
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22 . 



A 



wave 



division 



add /drop 



multiplexer, 



comprising: \ 

a wavelength di^nLsion demultiplexer operable to 

separate an optical infout signal into a plurality of 

wavelengths; \ 

an array of optical atdd/drop multiplexers coupled to 

the demultiplexer, at lWst one of the add/drop 

mutiplexers comprising: \ 

a drop phase shift Wage operable to receive an 
input wavelength and t\p either drop the input 
wavelength or to pass the Vinput wavelength toward an 
output, the drop phase shiVt stage comprising an at 
least substantially reflectVve surface operable to 
change its position to affiect whether the input 
wavelength is dropped or passed to the output; and 

an add phase shift stagfe operable to receive 
and communicate as an output either an added 
wavelength or the input wavelength passed from the 
drop phase shift stage, the add phase shift stage 
comprising an at least substantially reflective 
surface operable to change its position to affect 
whether the added wavelength or thA input wavelength 
is passed to the output; and \ 

a wavelength division multiplexed operable to 
receive a plurality of output wavelengths from the add 
phase shift stage and to multiplex at least some of the 
output wavelengths into an optical output signal . 
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23 . The wave division add/drop multiplexer of Claim 
22, wherein at least \one of the at least substantially 
reflective surfaces comprises a moveable mirror layer of 
a- micro-electro-optic System (MEMS) device operable to 
undergo a substantially vpiston-like motion to change its 
position. \ 

24. The wave division add/drop multiplexer of Claim 
22, further comprising a bypass path coupled between the 
wavelength division demultiplexer and the wavelength 
division multiplexer, the \ bypass path operable to 
communicate at least one wavelength directly between the 
demultiplexer and the multiplexer without processing the 
at least one wavelength. \ 
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25. A wave \division add/drop multiplexer, 
comprising: \ 

a wavelength division demultiplexer operable to 
separate an optical inftut signal into a plurality of 
5 wavelengths; \ 

an array of optical aHd/drop multiplexers coupled to 
the demultiplexer, at ]3east one of the add/drop 
mutiplexers comprising: \ 

an input operable to receive an input 
10 wavelength signal and an added wavelength signal, 

and to generate a f irst\ and a second copy of the 
input signal and a first Y nd a second copy of the 
added signal; \ 

a plurality of at\ least substantially 
15 reflective surfaces, each opeVable to receive either 

the first signal copies or the second signal copies 
and to reflect the copies for\ ultimate combination 
at an output to form an \ output signal for 
transmission, at least one \of the at least 
20 substantially reflective surfaces comprising a 

moveable mirror operable to change its position 
relative to the input to create a phase shift 
between the first and second signal copies so that 
either the input optical signal or tme added optical 

2 5 signal is communicated as the \ output signal 

depending on the position of the \at least one 
moveable mirror; and \ 
a wavelength division multiplexer \operable to 
receive a plurality of output signals from fthe array of 

3 0 add/drop multiplexers and to multiplex at least some of 

the output wavelengths into an optical output signal. 



ATTORNEY 1 S 
068069.0110 




CET NO. 



T APPLICATION 



114 



26 . 



A 



wave 



avis ion 



add/ drop 



multiplexer, 



comprising: \ 

a wavelength division demultiplexer operable to 
separate an optical input signal into a plurality of 
wavelengths; \ 

an array of optical ad&/drop multiplexers coupled to 
the demultiplexer, at ldbst one of the add/drop 
mutiplexers comprising a \ micro-electro-optic system 
(MEMS) device comprising a moveable mirror layer operable 
to undergo a substantially pis&on-like motion to create a 
phase difference between a wavelength reflected from the 
moveable mirror layer and a Substantial copy of that 
wavelength, the position of the moveable mirror layer 
affecting whether the input wavelength is passed through 
or dropped from the array; and \ 

a wavelength division multiplexer operable to 
receive a plurality of output wavelengths from the array 
and to multiplex at least some of tH^e output wavelengths 
into an optical output signal. \ 
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27. A method \ of facilitating optical add/drop 
multiplexing, comprising : 

receiving an inbut optical signal and an added 
optical signal; \ 

generating a firso and a second copy of the input 
signal; \ 

generating a first ^nd a second copy of the added 
signal; \ 

communicating the first signal copies toward a first 
mirror and the second signal copies toward the second 
mirror; \ 

changing the position oil the first mirror to create 
a phase shift between the :nirst and second copy when 
combined at an output ; and \ 

communicating either an akded signal or the input 
signal as an output signal depending at least in part on 
the position of the first mirror. \ 

28. The method of Claim 27, wherein the first 
mirror comprises a micro-electro-Aoptic system (MEMS) 
device having a moveable mirror \ layer operable to 
experience a substantially piston-likA motion in response 
to a control signal . \ 
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29. The method of\ciaim 28, wherein the MEMS device 
comprises an inner conductive layer disposed inwardly 
from the moveable mirrdor layer and forming a space 
between the moveable rritLrror layer and the inner 

5 conductive layer; and \ 

wherein changing the position of the moveable mirror 
layer comprises displacing \ the moveable mirror layer 
relative to the inner conductive layer in response to a 
voltage difference between the moveable mirror layer and 
10 the inner conductive layer. \ 

30. The method of Claim 2 9, wherein the moveable 
mirror layer comprises a plurality of adjacent mirror 
strips, at least some of the plurality of adjacent mirror 

15 strips separated by air gaps operable to relieve air 
damping when the mirror strips move relative to the inner 
conductive layer . \ 

31. The method of Claim 30, vJdierein changing the 
20 position of the moveable mirron layer comprises 

displacing all of the moveable mirror \strips relative to 
the inner conductive layer substantially in unison in 
response to the voltage difference. \ 

25 32. The method of Claim 30, wherein changing the 

position of the moveable mirror layer composes: 

coupling either the inner conductive vLayer or each 
of the moveable mirror strips to a ground; and 

applying to the other a control voltage ssignal . 
30 \ 
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33. The method «Df Claim 29, wherein changing the 
position of the moVeable mirror layer comprises 
selectively displacing the moveable mirror layer relative 
to the inner conduct ivA layer, wherein the distance 
increases as the voltage difference between the moveable 
mirror layer and the inner Conductive layer increases. 
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34. A method \of facilitating optical add/drop 

multiplexing, compris] 

receiving an opti^l input signal at a first stage; 

generating a firsthand a second copy of the input 
signal; 

communicating the fiW signal copy toward a first 
mirror and the second s\gnal copy toward the second 
mirror; 

communicating either aV added signal or the input 
signal from the first stage tVward a second stage 

depending at least in part o\ the position of the first 
mirror; 

generating a first and a ^second copy of the signal 
received at the second stage; 

communicating the first received signal copy toward 
a third mirror and the second received signal copy toward 

a fourth mirror; and 

communicating either the addeV signal or the input 
signal from the first stage fro^y the second output 
depending at least in part on the position of the third 
mirror . 

35. The method of Claim 34, Jherein the first 
mirror comprises a micro-electro-opt iV system (MEMS) 
device having a moveable mirror lay^r operable to 
experience a substantially piston-like motion in response 
to a control signal- 
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36. The method\of Claim 35, wherein the MEMS device 
comprises an inner conductive layer disposed inwardly 
from the moveable mirror layer and forming a space 
between the moveable\ mirror layer and the inner 

5 conductive layer; and \ 

wherein changing thd position of the moveable mirror 
layer comprises displacing the moveable mirror layer 
relative to the inner conductive layer in response to a 
voltage difference between \ the moveable mirror layer and 
10 the inner conductive layer. \ 

37. The method of ClaoW 36, wherein the moveable 
mirror layer comprises a plurality of adjacent mirror 
strips, at least some of the plurality of adjacent mirror 

15 strips separated by air gaps \ operable to relieve air 
damping when the mirror strips nbve relative to the inner 
conductive layer. \ 



2 0 position of the moveable mirror layer comprises 
displacing all of the moveable mirror strips relative to 
the inner conductive layer substantially in unison in 
response to the voltage difference. \ 



38 . 



The method of Claim 3 7 



wherein changing the 
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39. A method of facilitating wave division add/drop 
multiplexing, comprising :\ 

receiving an optical input signal comprising a 
plurality of wavelengths; \ 
5 separating the optical\ signal into a plurality of 

wavelength signals; \ 

communicating at least\ some of the wavelength 
signals to an array of optical \add/drop multiplexers; 
at at least one of the addXdrop multiplexers: 
10 receiving an input optical signal and an added 

optical signal; \ 

generating a first and\ a second copy of the 
input signal; \ 

generating a first and a second copy of the 
15 added signal; \ 

communicating the first signal copies toward a 
first mirror and the second signal copies toward the 
second mirror; \ 

changing the position of tire first mirror to 
20 create a phase shift between the \ first and second 

copy when combined at an output; and 

communicating either an added\ signal or the 
input signal as an output signal depending at least 
in part on the position of the first mirror. 
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40. A method of facilitating wave division add/drop 
multiplexing, comprisii 

receiving an optical input signal comprising a 
plurality of wavelengths; 

separating the optical signal into a plurality of 
wavelength signals ; 

communicating at leaat some of the wavelength 
signals to an array of optical add/drop multiplexers; 
at at least one of the ad^d/drop multiplexers: 
10 receiving an optica^ input' signal at a first 

stage ; 

generating a first afljd a second copy of the 
input signal; 

communicating the firstk signal copy toward a 
15 first mirror and the second Signal copy toward the 

second mirror; 

changing the position of \ the first mirror to 
create a phase shift between fthe first and second 
copy when combined at an output qf the first stage; 
2 0 communicating either an acOded signal or the 

input signal from the first stage toward a 
second stage depending at least \ in part on the 
position of the first mirror; 

generating a first and a second copy of the 
2 5 signal received at the second stage; 

communicating the first received signal copy 
toward a third mirror and the second repeived signal 
copy toward a fourth mirror; 
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changing the position of the third mirror to 
create a phase shirt, between the first and second 
received signal copiep when combined at the second 
output ; and 

communicating either the added signal or the 
input signal from the fmrst stage from the second 
output depending at least \n part on the position of 
the third mirror. 
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41. An apparatus operable to facilitate add/drop 
multiplexing of Optical signals, the apparatus 
comprising : 

an input operable Vto receive an input optical signal 
and an added optical signal, and to generate a first and 
a second copy of the Input signal and a first and a 
second copy of the added signal; 

a plurality of at Veast substantially reflective 
surfaces, each operable Vo receive either the first 
signal copies or the second\ signal copies and to reflect 
the copies for ultimate combination at an output to form 
an output signal for transmission, at least one of the at 
least substantially reflective surfaces comprising a 
Micro-electro-optic system (MEMS) device comprising a 
plurality of adjacent mirror scrips, the mirror strips 
operable to change their position\ substantially in unison 
in a substantially piston-like Aption relative to the 
input to create a phase shift between the first and 
second signal copies so that eithW the input optical 
signal or the added optical signal ik communicated as the 
output signal depending on the position of the at least 
one moveable mirror. 
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42. A method of facilitating optical add/drop 
multiplexing, comprisirra : 

receiving an input optical signal and an added 
optical signal; \ 

generating a first fend a second copy of the input 
signal; \ 

generating a first and a second copy of the added 
signal; \ 

communicating the first\ signal copies toward a first 
mirror and the second signal copies toward the second 
mirror, the first mirror comprising a plurality of 
adjacent mirror strips operable to receive the first 
signal; \ 

displacing adjacent mirron strips substantially in 
unison in a substantially piston-like motion to create a 
phase shift between the first\ and second copy when 
combined at an output; and \ 

communicating either an addeM signal or the input 
signal as an output signal depending at least in part on 
the position of the adjacent mirror strips. 



